


Focus Questions

1. Describe the modern atomic theory in terms of 
electrons, energy levels, electron cloud, and 
electron configuration.

2. What happens to electrons when atoms gain or 
lose energy?

3. Explain, draw, and/or describe scientific models 
related to how electrons behave in atoms.

4. Understand when atoms are most stable in 
terms of electron configuration.

2



Determining the Composition of an Atom

What is the atomic number and atomic mass of each element? 

How many protons, electrons, and neutrons are in each atom?

Be Ne Na
9

4
20

10
23

11

Distinguishing Among Atoms

Module 13A Atomic Structure



Determining the Composition of an Atom

Identify the atomic number and mass number for each atom. Then, give the 

number of protons, electrons, and neutrons are in each atom?

Be Ne Na
9

4
20

10
23

11

Distinguishing Among Atoms

p+ = 4  

n  = 5

e- = 4

p+ = 10  

n  = 10

e- = 10

p+ = 11 

n  = 12

e- = 11

(atomic number)

(atomic mass)



5

Nuclear 

Symbol



14

28

14

14

14

14
Si

28

6

Nuclear 

Symbol

(atomic number)

(atomic mass)

(p + n)

(atomic mass - protons)

(p)



How and why are these atoms 

different?

Distinguishing Among Atoms



Isotopes

Isotopes are atoms that have the same number 

of protons but different numbers of neutrons. Therefore, 

they have the same chemical properties.

Neon-20, neon-21, and neon 22 are isotopes of neon.

Distinguishing Among Atoms



Click on the “Models of the 

Hydrogen Atom” Simulation Link: 

https://screencast-o-

matic.com/watch/cD6ZXZj5Ma

(watch the video.)

https://screencast-o-matic.com/watch/cD6ZXZj5Ma


Modifying Atomic Theory

• Electrons are charged particles (unlike planets). 

• An accelerating electric charge would steadily lose 

energy and spiral in, toward the positively charged 

nucleus, colliding with it in a fraction of a second. 

• Rutherford’s model could not explain the highly peaked 

emission and absorption spectra of atoms that were observed.

Limitations of Rutherford’s Atomic Model



How was the modern understanding of 
the atom developed?



Determine and explain the commonality of the 

following and how each may relate to Atomic 

Structure:

Staircase or ladder or bleacher

Pitches in a major scale

Radio stations on the AM or FM scale

You come up with your own example that fits



Energy Levels in Atoms

The Bohr Model

In 1913, Niels Bohr (1885–1962), a young Danish physicist and a 

student of Rutherford, developed a new atomic model. 

Bohr proposed that an electron is found only in specific circular 

paths, or orbits, around the nucleus.

Bohr’s model only worked for the simple Hydrogen atom and his 

perspective was still “Newtonian” based (electrons are particles).



The Bohr Model
shows that atoms and molecules can only exist in certain energy 

states so he designated the electron orbitals as energy 

levels or quantum levels.

A change in the energy level of such a system involves the 

absorption or emission of a definite amount (quanta) of 

energy.

The rungs on this unusual ladder are somewhat like  

the energy levels in Bohr’s model of the  atom.

One can only stand ON the rungs of a ladder. 

Similarly, the electrons in an atom cannot exist 

between energy levels.                                          

Energy Levels in Atoms



Evidence of “Quanta” of Energy (Energy Levels)

Hydrogen (g)

Helium (g)

Johannes Rydberg studied emission spectra.

▪ Emission spectrum: a visible light spectrum in which wavelengths

of light emitted by a substance show up as bright, colored lines

▪ Emission spectra for some metals produced discrete lines (e.g. 

quanta), not continuous or gradual.

▪ Determined a DIRECT relationship between frequency and energy.



strontium sodium lithium potassium copper

Elements give off characteristic Emission Spectra (colors of 

light), as electrons transition between energy levels.

Flame Tests



Have you ever wondered what 

produces the different colors 

in a fireworks display?

Certain compounds will 

produce certain colors of light 

when they are heated.

Compounds containing the 

element strontium produce 

red light. 

Compounds containing 

barium produce green light.

Flame Tests



Notice the movement of electrons based on the photon.

Light and Atomic Emission 

Spectra

Absorption & Emission Spectra
Photon strikes, 

e- “excited”

Photon released, e-

returns to ground 

state



• The energy absorbed by an electron to move from 

its current energy level to a higher energy level.

• is identical to the energy of the light emitted by 

the electron as it drops back to its original 

energy level (Emission). 

• Emission Spectra are like “fingerprints” … no two 

elements have the same spectra.

Absorption & 

Emission Spectra



Electrons absorb heat 

or electrical energy to 

reach the EXCITED 

STATE → Absorption, 

dark line spectra

Electrons return to the 

GROUND STATE 

(MOST STABLE 

ENERGY 

STATE) → Bright-

Line Spectra

Energy is DISCRETE or 

QUANTIZED (like stairs)



Explain this 

diagram in 

terms of 

energy, 

electrons & 

spectra



Electrons begin in the ground state 

(lowest, MOST STABLE, energy level).

Energy is “absorbed” so electrons get 

“excited” to a higher energy level →

(Absorption Spectra)

The “excited” state is UNSTABLE so the electrons will return 

to the ground state by giving off energy in the form of light 

(color) → Emission Spectra.

Energy absorbed” or “emitted” is in discrete bundles 

(quanta), not gradual.



Erwin Schrödinger (1887–1961) worked from the premise that the 

electron was a wave and a particle. 

▪ Only certain energies could exist in which the wavelength form 

→ “STANDING WAVES” (each note in music)

▪ Electrons cannot be found at a specific location, but in regions of 

high probability.

▪ E.g. where exactly is the sound when you play the guitar?

▪ ~90% of the time it is somewhere on or near the string that was 

plucked.

“O, where oh where has my Electron gone?”



Region of high 

probability (90%) for 

finding an electron

Quantum numbers

were developed to 

describe the location of 

the electrons in the atom.

Electron Cloud



The modern description of the electrons 

in atoms, the quantum mechanics 

model, came from the mathematical 

solutions (the Schrödinger equation).

Electron Cloud model:

▪ Electrons in a cloud have regions of 

high probability (uncertain location).

▪ Electron clouds have different energy 

levels that are discrete.

▪ Cannot know the exact position of the 

electron.

Quantum Mechanics:  Electron Cloud Model



Understanding Atomic Structure

What scientist suggested each of the models shown below? Which best represents the 

modern understanding of the structure of the atom?

Model A Model B Model C



Understanding Atomic Structure

What scientist suggested each of the models shown below? Which best represents the 

modern understanding of the structure of the atom?

Model A

Rutherford & 

Bohr

Nucleus with 

orbiting 

electrons

Model B

Thomson

Plum Pudding

Model C

Electron Cloud

Schroedinger



Atomic History

Atomic History Song (4:14)

http://somup.com/cFQ22rVSKR

Mark Rosengarten

http://somup.com/cFQ22rVSKR


How can 
scientists 
describe the 
arrangement 
of electrons 
in an atom?

Subshell n l
Maximum No. of 

Electrons

1s 1 0 2

2s 2 0 2

2p 2 1 6

3s 3 0 2

3p 3 1 6

3d 3 2 10

4s 4 0 2

4p 4 1 6

4d 4 2 10

4f 4 3 14



ENRICHMENT

Atomic Orbitals 

• An atomic orbital is represented pictorially as a region of 

space in which there is a high probability of finding an 

electron. 

• Every electron in an atom is assigned a QUANTUM 

NUMBER described by the Schrödinger equation - a 

mathematical expression

• Quantum numbers indicate different energy states of 

electrons in an atom

• Every electron can be described by FOUR quantum 

numbers and NO two electrons have the same 4 numbers.

Electron Configurations



Atomic Orbitals → Quantum Numbers (4)

ENRICHMENT



1 Principal quantum number = size of the e- cloud

Corresponds to ENERGY LEVELS

in the Bohr Model of the atom 

(7 Rows on Periodic Table)

Atomic Orbitals → Quantum Numbers (4)



1 Principal quantum number = size of the e- cloud

Corresponds to ENERGY LEVELS

in the Bohr Model of the atom 

(7 Rows on Periodic Table)

2 sublevel = shape of the sublevel 

(ENRICHMENT)

Atomic Orbitals → Quantum Numbers (4)



1 Principal quantum number = size of the e- cloud

Corresponds to ENERGY LEVELS

in the Bohr Model of the atom 

(7 Rows on Periodic Table)

2 sublevel = shape of the sublevel

(ENRICHMENT)

3 ORBITALS = orbital orientation

Atomic Orbitals → Quantum Numbers (4)



1 Principal quantum number = size of the e- cloud

Corresponds to ENERGY LEVELS

in the Bohr Model of the atom 

(7 Rows on Periodic Table)

2 sublevel = shape of the sublevel

3 ORBITALS = orbital orientation

4 s (spin) (ENRICHMENT)

Atomic Orbitals → Quantum Numbers (4)



Atomic Orbitals

ENRICHMENT

Electron Configuration (Review) Song 
(3:24)

https://screencast-o-matic.com/watch/cq6nYuuIbb

Mark Rosengarten

Electron Configurations

https://screencast-o-matic.com/watch/cq6nYuuIbb


Third Quantum Number

Energy 

Level

Sublevel

# of orbitals

(Enrichment)

Total # 

of 

Orbitals 

(n2)

Max. e–

(2n2)

Orbital Diagram

s      p          d              f 

n = 1 s1 1 2 0

n = 2 s1, p3 4 8 0    000

n = 3 s1, p3, d5 9 18 0    000    00000

n = 4 s1, p3, d5, f7 16 32 0    000    00000    0000000

There are TWO electrons in each orbital (last column below)



Bohr used the ROWS or PERIODS on the periodic table to 

represent the ENERY LEVELS in an atom.

1

2

3

4

5

6

7

Module 13A Atomic Structure 38



Bohr Diagrams • Find out which period 

(row) your element is in.

• Elements in the 1st

period have one energy 

level.

• Elements in the 2nd

period have two energy 

levels, and so on.

Module 13A Atomic Structure 39



P = ? 

N = ?

2 8 8 8

1st

2nd

3rd

4th

Each 

ROW or 

PERIOD 

has a 

particular 

number 

of 

electrons

40



Carbon is in 

period (row) 2

41



The top number in each cell is the 

atomic number (protons).

• The bottom number in each cell is 

the average atomic weight.

Periodic Table with Atomic Numbers 

& Masses



Practice Bohr Diagrams

6 p

6 n

Draw a nucleus with the 

element symbol inside.

Carbon is in the 2nd

period, so it has two 

energy levels, or shells.

43



Carbon Bohr Diagram

Carbon has 6 electrons.

The first shell can only 

hold 2 electrons.

6 p

6 n

44

2 e-



Carbon Bohr Diagram

Since you have 2 electrons 

already drawn, you need to 

add 4 more.

These go in the 2nd shell.

6 p

6 n

45

Electrons in the    

outermost level 

are called 

valence
electrons

2 e-

4 e-

Notice that the Electrons in the 

outermost energy level or shell 

are colored green … 4 valence e-



Make a nuclear symbol 

& Bohr Diagrams

Try the following elements 

on your own:

a) H

b) He

c) O

d) Al

e) Ne

f) K

6 p

6 n

46



Hydrogen

47

Make a nuclear symbol 

& Bohr Diagrams



Hydrogen – 1 electron

1 p

0 n

48

1
H

1

1 e-

Make a nuclear symbol 

& Bohr Diagrams

Notice that the Electrons in the 

outermost energy level or shell 

are colored green … 1 valence e-



Helium

49

Make a nuclear symbol 

& Bohr Diagrams



Helium - 2 electrons

2 p

2 n

50

2
He

4

2 e-

Make a nuclear symbol 

& Bohr Diagrams

Notice that the Electrons in the 

outermost energy level or shell 

are colored green … 2 valence e-



Oxygen

51

Make a nuclear symbol 

& Bohr Diagrams



Oxygen - 8 electrons

8 p

8 n

52

8
O

16

2 e-

6 e-

Make a nuclear symbol 

& Bohr Diagrams

Notice that the Electrons in the 

outermost energy level or shell 

are colored green … 6 valence e-



Aluminum

53

Make a nuclear symbol 

& Bohr Diagrams



Aluminum - 13 electrons

13 p

14 n

54

13
Al

27

2 e-
8 e-
3 e-

Make a nuclear symbol 

& Bohr Diagrams

Notice that the Electrons in the 

outermost energy level or shell 

are colored green … 3 valence e-



Neon

55

Make a nuclear symbol 

& Bohr Diagrams



Neon - 10 electrons

10 p

10 n

56

10
Ne

20

2 e-

8 e-8 e-

Make a nuclear symbol 

& Bohr Diagrams

Notice that the Electrons in the 

outermost energy level or shell 

are colored green … 8 valence e-



Potassium

57

Make a nuclear symbol 

& Bohr Diagrams



Potassium - 19 electrons

19 p

20 n

58

19
K

392 e-

8 e-8 e- 1 e-

Notice that the Electrons in the 

outermost energy level or shell 

are colored green … 1 valence e-

Make a nuclear symbol 

& Bohr Diagrams



2 e-

Another way to show the Bohr Model:

15
P

31

59



2 e-
p= 15

n= 16

2 e- 8 e- 5 e-

Another way to show the Bohr Model:

Electrons in the    

outermost level 

are called 

valence
electrons15

P
31

60



4.3 Modern Atomic Theory

Assessment Questions

1. According to Bohr’s model of the atom, which of 

the following can happen when an atom gains 

energy? 

a. An atom returns to its ground state.

b. A neutron can be changed into a proton.

c. A proton can move to a higher energy level.

d. An electron can move to a higher energy level.



4.3 Modern Atomic Theory

Assessment Questions

1. According to Bohr’s model of the atom, which of 

the following can happen when an atom gains 

energy? 

a. An atom returns to its ground state.

b. A neutron can be changed into a proton.

c. A proton can move to a higher energy level.

d. An electron can move to a higher energy level.

ANS: D



4.3 Modern Atomic Theory

Assessment Questions

2. How does the modern atomic theory describe the 
location of electrons in an atom?
a. Electrons move randomly in space around the nucleus.

b. Electrons can be described as a cloud based on 
probable locations.

c. Electrons orbit the nucleus in the same way that planets 
orbit the sun.

d. Electrons move in a spiral pattern if increasing distance 
from the nucleus.



4.3 Modern Atomic Theory

Assessment Questions

2. How does the modern atomic theory describe the 
location of electrons in an atom?
a. Electrons move randomly in space around the nucleus.

b. Electrons can be described as a cloud based on 
probable locations.

c. Electrons orbit the nucleus in the same way that planets 
orbit the sun.

d. Electrons move in a spiral pattern if increasing distance 
from the nucleus.

ANS: B 



4.3 Modern Atomic Theory

Assessment Questions

3. What is meant when an atom is said to be in its 

ground state? 

a. There is no net charge on the atom.

b. The number of protons equals the number of neutrons.

c. The atom’s electrons all have the lowest possible 

energies.

d. It is the isotope with the least number of neutrons.



4.3 Modern Atomic Theory

Assessment Questions

3. What is meant when an atom is said to be in its 

ground state? 

a. There is no net charge on the atom.

b. The number of protons equals the number of neutrons.

c. The atom’s electrons all have the lowest possible 

energies.

d. It is the isotope with the least number of neutrons.

ANS: C 



• Determine the # of protons, # of neutrons, and # of electrons

• Draw the atomic structure (Bohr) diagram for each atom

Magnesium

Atomic mass = 24

Atomic # = 12

Oxygen

Atomic mass = 16

Atomic # = 8

Potassium

Atomic mass = 39

Atomic # = 19



p+ = 12  

n  = 12

e- = 12

p+ = 8  

n  = 8

e- = 8

p+ = 19  

n  = 20

e- = 19

• Determine the # of protons, # of neutrons, and # of electrons

• Draw the atomic structure diagram for each atom

Magnesium

Atomic mass = 24

Atomic # = 12

Oxygen

Atomic mass = 16

Atomic # = 8

Potassium

Atomic mass = 39

Atomic # = 19






